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INTRODUCTION 
(1) a s l u r r y i n g  l i q u i d  

f o r  t h e  coal  which enables s l u r r y  compression i n t o  a cont inuous f l o w  reac tor ,  
and (2 )  a hydrogen s h u t t l e r  which enables t h e  t r a n s f e r  o f  hydrogen atoms from 
ti2 o r  syn thes is  gas t o  t h e  coa l  molecules. A d d i t i o n a l l y ,  t h e  so l ven t  serves as 
a medium f o r  reducing gas and coa l  p roduc t  d i s s o l u t i o n .  

We now wish  t o  descr ibe  t h e  use o f  H 0-H S as a s u b s t i t u t e  f o r  organic 
s l u r r y i n g  so lvents .  The phi losophy f o r  doidg s 8  i s  t h a t  t he  water  f u l f i l l s  the  
r o l e  of t he  s l u r r y i n g  l i q u i d  and H S i s  t he  hydrogen atom donor. Since the  
f i r s t  bond d i s s o c i a t i o n  energy of & t e r  i s  118 kcal /mole,  r a r e l y ,  i f  a t  a l l ,  

t h e  f i r s t  bond d i s s o c i a t i o n  energy o f  93 kcal /mole and t h e  second b f  83 
kcal /mole making i t  a good b u t  n o t  e x c e l l e n t  hydrogen atom donor t o  carbon 
r a d i c a l s  ( r e a c t i o n  1). A t  t h e  h ighe r  temperatures o f  convent ional  coal  
1 i q u e f a c t i o n  reac to rs  t h e  thermodynamics would p robab ly  be more favorab le .  
React ion 7 has proven t o  be r a p i d  a t  coa l  l i q u e f a c t i o n  temperatures and i s  

The l i q u e f a c t i o n  so l ven t  has two r o l e s  t o  f u l f i l l :  

1 

\ would i t  be expected t o  r e a c t  w i t h  carbon rad i ca l s .  On t h e  o t h e r  hand, HpS has 

2R' + H2S + 2RH + S (1) 

S + H2 + t!2S 

perhaps t h e  p r i n c i p a l  advantage of H S ove r  an organ ic  solvent.  The 
corresponding r e a c t i o n  f o r  t h e  organ ic  i b l v e n t  i s  u s u a l l y  slow. I n  o rgan ic  
l i q u e f a c t i o n  so lvents ,  tl S i s  known t o  enhance l i q u e f a c t i o n  y i e l d s ,  and i t  has 
been used f o r  bo th  coa l  i n d  organ ic  model compound reac t ions .  

IJater becomes s u p e r c r i t i c a l  a t  374°C and i t s  s u p e r c r i t i c a l  s t a t e  has the  
p o t e n t i a l  o f  i n f l u e n c i n g  the  l i q u e f a c t i o ?  processes i n  several  ways: i t  (1) 
becomes a f i n e  so l ven t  f o r  hydrocarbons (F ig .31 ) ,  ( 7 )  l oses  much o f  i t s  
a b i l i t y  t o  d i sso l ve  i no rgan ic  ma te r ia l  (F ig .  2) , (3) adds t o  t h e  r e a c t i o n  
pressure, and (4 )  becomes more i o n i c  ( a c i d i c  and bas i c4  s ince  t h e  i o n i z a t i o n  
constant increases by ca. 3 powers of t e n  (Fig.  3 ) .  I f  water  i s  t o  be 
s u b s t i t u t e d  f o r  an organ ic  s l u r r y i n g  l i q u i d ,  t h e  inc rease i n  r e a c t i o n  pressure 

300 400 

T, "C 

(wt  %)  i n  water 
F ig .  1 .  Hydrocarbon s o l u b i l i t y  

300 400 

T, " C  

F ig .  2. Inorgan ic  s o l u b i l i t y  
(w t  X )  i n  water 

f 6 3  



( t n  ca. 5,000 p s i )  must be to le ra ted .  Therefore, one must i n s i s t  t he re  be 
compensating f a c t o r s  f o r  t h i s  pressure inc rease which more than make up f o r  the 
cos t  o f  increased opera t i ng  pressures. Ratch au toc lave  data now i n d i c a t e  t h i s  
i s  so. Indeed, water appears t o  have a p o s i t i v e  e f f e c t  on l i q u e f a c t i o n  y i e l d s  
i n  a d d i t i o n  t o  i t s  r o l e  as a s l u r r y i n g  l i q u i d .  
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F ig .  3. I o n i z a t i o n  cons tan t  o f  water  i n  high-temperature f l u i d s  
o f  var ious  d e n s i t i e s .  
determined curve f o r  l i q u i d  water under i t s  own vapor pressure.  
The es t imated e x t r a p o l a t i o n  o f  t h e  curve t o  the  c r i t i c a l  p o i n t  
i s  shown as a dashed l i n e .  The o the r  dashed l i n e s  shown 
ca lcu la ted  values o f  t he  cons tan t  f o r  s ingle-phase f l u i d  water 
under s u f f i c i e n t  pressure t o  ma in ta in  the  i nd i ca ted  d e n s i t i e s .  

The s o l i d  Tine i s  t he  exper imenta l l y  

RESULTS AMD DISCUSSION 
The data o f  Table 1 comare  t h e  H,O-H,S r e s u l t s  alona w i t h  those usina (11 \ 

2 . .  

a petroleum-coal based orqan ic  so lvent ,  ahthracene o i l  IA04) toge the r  w i t h  a 
so lvent  re f i ned  coal  midd le  d i s t i l l a t e  from t h e  demonstrat ion p l a n t  a t  Tacoma, 
Washington (SRCMD) and (2) dihydropyrene (DHP), a repu ted ly  e x c e l l e n t  hydrogen 

Water w i t h  syn thes is  qas outperform A04-SRCMD w i t h  syp thes is  gas f o r  the 
conversion of two coa l  samples i n t o  v o l a t i l e  m a t e r i a l s  a t  t he  cond i t i ons  used, 
cf .  runs 5 vs. 7 and 14 vs. 16. The presence o f  a smal l  amount o f  H2S enhances 
t h e  as-defined y i e l d s  whether i n  water ,  c f .  runs 1 vs. 2, 7 vs. 8, 16 vs. 17, 
21 VS. 22, 26 vs. 77 and 3 1  vs. 32 o r  i n  an organ ic  so lvent ,  c f .  5 vs. 6, 12 

donor solvent.  Three ranks o f  coa ls  a re  represented  i n  the  data. k 
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I 
vs. 13, 14 vs. 15, 19 vs. 20, 24 vs. 25 and 34 vs. 35. The r e a c t i o n s  which had 
the  temperature programmed f rom 300°C t o  500°C us ing  H 0-M S and syn thes i s  gas 
gave t h e  bes t  o f  t he  aqueous-H S conversion y i e l d s ,  c?. r j tns 8 vs. 9, 17 vs. 
18, 22 vs. 23, 27 vs. 28 and 3 3  vs. 33. Synthes is  gas i s  super io r  t o  pure  H2 
(980 ps ig ) ,  c f .  runs 3 vs. 5 and 12 vs. 14. 

The phi losophy behind t h e  temperature programmed reac t i ons  was the  b e l i e f  
t h a t  t h e  the rma l l y  produced, coa l -der ived  r a d i c a l s  would be formed i n  a more 
c o n t r o l l a b l e  fashion, i.e., i n  a more steady, s lower ra te ,  w i t h i n  t h e  
coa l -water  s l u r r y  than w i t h  a sudden thermal jump t o  a p rese lec ted  r e a c t i o n  
temperature. The l a t t e r  i s  assumed t o  momentar i ly  dep le te  t h e  hydrogen donor 
capac i ty  of t h e  so l ven t  system a t  l e a s t  i n  the  v a c i n i t y  o f  t h e  thermal r e a c t i o n  
events. I n  the  case where water  i s  t h e  p r i n c i p a l  so lvent ,  t he  hydrogen donor 
capac i ty  i s  t he  H S concent ra t ion .  The consequence o f  t h i s  d e p l e t i o n  i s  t he  
occurrence o f  re t rggrade reac t i ons  which r e s u l t  i n  lower  conversions. 

The dihydrophenanthrene (DHP) runs gave b e t t e r  conversions than e i t h e r  
water o r  A04-SRCMD g iven otherwise the  same exper imental  cond i t i ons .  However, 
DHP decomposes t o  the  ex ten t  o f  11% at. 420°C a t  30 minutes, and the  non gaseous 
products are s o l i d s  r a t h e r  than l i q u i d s  as they  a re  w i t h  t h e  water  runs. The 
water runs were the  e a s i e s t  t o  separate f rom t h e  produc t  s l u r r y .  The 
d i s t i l l a t i o n  was complete i n  ca. 3 hours with t h e  water  runs  whereas it took 
f rom 5-7 hours t o  ge t  t o  ccns tan t  we igh t  with t h e  organ ic  solvent-based runs. 
The o i l  separated by g r a v i t y  f rom t h e  water  i n  the  water based run  d i s t i l l a t e s .  

I n  summary, t he  H 0-H S so l ven t  runs  w i t h  var ious  ranks , o f  coa ls  g i ve  
respec tab le  y i e l d s  o f  & ta?  v o l a t i l e  m a t e r i a l s  a t  420°C and w i th  temperature 
programming the  reac to r  f rom 300" t o  500"C, the  y i e l d s  were as good if not  
b e t t e r  than us ing  one o f  t h e  bes t  o f  hydrogen donor model compound so lvents .  
The H2.S concent ra t ion  t h e  programing r a t e s  o r  ranges have n o t  been opt imized. 
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Table 1. The Conversion of Coals i n  H 0-H S and A04-SRCMD 
Reducin gases2 Te ipera ture ,  " C  Sovent Conversion, % 

HO 
H;O 

1 w a d  (Zap I) * 
2 Indianhead H~S-CO-H; 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1 4  

16 
17  
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
3@ 

31 
32 
33 
34 
35 

* r  
13 

Big  Brown (BB1) 
B ig  Brown 
Rig Brawn 
Rig Brown 
B i g  Brown 
B i g  Brown 
B i g  Brown 
B i g  Erown 
B i g  Brown 

Reulah (83) 
Beulah 
Beulah 
Beiiiah 
Beulah 
Beulah 
Reulah 
Beulah 
Beulah 
Suhbi tuminous c o a l s  
Decker (DEC 1) 
Decker 
Decker 
Decker 
Decker 
Absaloka (ABS 1) 
Absaloka 
Absaloka 
Absaloka 
P.bsal oka 
Bituminous coa ls  
Powhattan (POW 1 1 
Powhattan 
Powhat t a n  
Powhattan 
Powhattan 

H 
H S-H2 

80-H: 
H2S-CO-H2 

CO-H 

H2S-CO-H 

H2S-CO-H2 

H~S-CO-H: 

CO-Hi 

H 
H S-H: 

80-H 
; S-&$ 

C@-H2 2 

H2S-CO-H2 
H2S-CO-H2 

C0-H2 
H2S-CO-H2 

C0-F2 

H~S-CO-H; 
H S-CO-H 

CO-H2 
H2S-CO-H2 

CO-H2 
H2S-CO-H2 
H2S-CO-H2 

CO-H 
H2S-CO-H; 

CO-H2 
H2S-CO-H2 
H2S-CO-H2 

CO-H2 
H2S-CO-H2 

420 
420 
420 
420 
420 
420 
420 

420 
420 
420 
420 
420 
420 
420 
420 

420 
420 

420 
420 

420 
4 20 
420 
420 

420 
420 

420 
420 

420 
420 

300-500 

300-500 

300-500 

300-500 

300-500 

A04-SRCND 
P.04 - SRCMD 
A04 - S RCMD 
A04-SRCMD 

H O  
H;O 

DHP 
k! 

A04-SRCMD 
A04 - SRCMD 
A04-SRCM@ 
804- jRCNiJ 

H20 

fl6 P 
K 
DHP 

35.2 
35.3 
42.5 
48.1 
43.7 f 2.0 
48.9 f 1.2 
71.0 
50.7 c 4.4 
65.3 f 3.5 
22.2 
29.3 
30.1 
40.5 
33.8 f l..O 
36.8 f 0.3 
51.6 f 1.1 
46.6 
53.3 f 3.0 / t  

38.6 f 0.4 
40.6 f 1.5 

:2: 52.3 f 0.7 
D6P 48.4 
DHP 60.2 f 8.0 

29.6 f 0.3 
H20 34.1 * 1.1. 

51.0 f 0.7 

DH P 49.6 +- 3.5 

H2O 

N.A. 
E 
D6P 

24.7 c 0.4 
30.5 f 0.8 

;2: 41.9 f 0.7 

DHP 51.6 f 3.5 

H20 

08P 43.5 

\ The experimental c o n d i t i o n s  are: r e a c t i o n  t ime, 1 hour; H2S, 250 psig;  CO, 490 
psig;  H , 490 psig;  c o a l ,  1 gram; and water,  1 gram. When H alone was used, 
i t s  pregsure was 980 ps ig .  The conversion y i e l d s  were d e t e r h n e d  by d i s t i l l i n g  
the  v o l a t i l e  ma te r ia l  ( ases and l i q u i d s )  f rom t h e  r e a c t o r  conten ts  a t  250°C a t  
1 T o r r  f o r  5 hours (H 07 and 7 hours (A04-SRCMD). The coa l  samples a r e  c i t e d  
from the  mine s i t e :  Izdianhead f rom t h e  Indianhead Mine a t  Zap, Nor th  Dakota; 
B i q  Rrnwn f r o m  t h e  Rig Brc:qn M;ne a t  F a i r f i e l d ,  Texas; Beu!ah f r o m  t h e  South 
Beulah Mine, Reulah, N o r t h  Dakota; Decker f rom t h e  Decker Vine a t  B i g  Horn, 
Montana; Absaloka from the  Absaloka Mine a t  Sarpy Creek, Montana; and Powhattan 
from t h e  Powhattan Mine a t  Belmont, Ohio. 
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